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Objectives   This study investigated the relationship between psychosocial work characteristics and low-back
pain and the potential intermediate role of psychological strain variables in this relationship.
Methods   The research was part of a prospective cohort study of risk factors for musculoskeletal symptoms. The
study population consisted of 861 workers from 34 companies in The Netherlands who had no low-back pain at
baseline and for whom data on the occurrence of low-back pain were obtained with annual questionnaires during
a 3-year follow-up period. Information on psychosocial work characteristics and psychological strain variables
was collected using a questionnaire at baseline. Cases of low-back pain were defined as workers who reported, in
at least one of the annual follow-up questionnaires, that they had had regular or prolonged low-back pain in the
previous 12 months.
Results   After adjustment for individual factors and quantified physical load at work, nonsignificant relative
risks ranging from 1.3 to 1.6 were observed for high quantitative job demands, high conflicting demands, low
supervisory support, and low co-worker support. Decision authority and skill discretion showed no relationship
with low-back pain. In general, the estimated relative risks for the psychosocial work characteristics were
scarcely influenced by additional adjustment for job satisfaction, emotional exhaustion, and sleeping difficulties.
Conclusions   It can be concluded that low social support, from either supervisors or co-workers, appears to be a
risk factor for low-back pain. Some indications of a relationship between high quantitative job demands and high
conflicting demands and low-back pain were also found. Little evidence was found for an intermediate role for
the psychological strain variables under study.
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The study of psychosocial work characteristics has be-
come an important aspect of epidemiologic studies on
musculoskeletal symptoms among workers. Recently,
several reviews of the literature on the relationship be-
tween psychosocial work characteristics and low-back
pain have been conducted (1—5). According to these
reviews, it seems that a relationship exists between psy-
chosocial work characteristics, in general, and the oc-
currence of low-back pain, but the role of specific psy-
chosocial work characteristics and the causality of the
observed relationships is not yet clear (4, 5).
Several explanations have been given for the rela-
tionship between psychosocial work characteristics and
musculoskeletal symptoms. One of the suggestions is
that the association is based on confounding by the ef-
fect of physical factors at work (1, 6, 7). From this per-
spective, an important shortcoming of most previous
studies on the risk of specific psychosocial work
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characteristics is that, in these studies, insufficient ad-
justment was made for the physical load at work. An-
other hypothesis is that psychosocial work characteris-
tics increase psychological strain, such as emotional
exhaustion (8), which, in turn, may increase muscular
tension or hormonal excretion. In the long term, the re-
sult could be organic changes and the development or
aggravation of musculoskeletal symptoms, or the level
of pain perception may be lowered and cause increased
symptom reporting (1, 6, 7, 9, 10). This latter hypothe-
sis implies that psychological strain would be an inter-
mediate variable in the relationship between psychoso-
cial work characteristics and the occurrence of low-back
pain. In light of this hypothesis, not only emotional ex-
haustion (8) and sleeping difficulties (11), but also job
satisfaction, which is often grouped under the heading
of psychosocial work characteristics in research on low-
back pain, can be regarded as a psychological strain var-
iable (12, 13). No epidemiologic study has been identi-
fied in which this possibility has been investigated.
The main purpose of our analyses was to investigate
the relationship between the psychosocial work charac-
teristics of quantitative job demands, conflicting de-
mands, decision authority, skill discretion, supervisory
support, and co-worker support and the occurrence of
low-back pain, taking into account the potential con-
founding effect of individual factors and physical load
at work. An additional objective was to study the po-
tential intermediate role of psychological strain in the
relationship between psychosocial work characteristics
and low-back pain. The analyses were based on data
from a project called the Study on Musculoskeletal Dis-
orders, Absenteeism, Stress, and Health (SMASH),
which was a prospective cohort study among a working
population initiated to identify risk factors for muscu-
loskeletal disorders. The results concerning the relation-
ship between physical load at work and low-back pain
have been reported elsewhere (14).
Subjects and methods
Workers were recruited from 34 companies located
throughout The Netherlands. A prerequisite for compa-
nies to participate was that no major reorganization had
been planned for the next 3 years and that the turnover
rate of the workforce was lower than 15%. Furthermore,
the companies were asked to select workers who had
been employed in their current job for at least 1 year
and who were working 24 hours a week or more. Work-
ers in blue-collar jobs, as well as workers in white-col-
lar jobs and caring professions, were included in the
study.
The baseline measurements were carried out be-
tween March 1994 and March 1995 and consisted of the
following three aspects: (i) a self-administered question-
naire, (ii) a quantitative assessment of the physical load
at the workplace, and (iii) a physical examination fo-
cused on the assessment of the functional capacity of
the workers. There was a 3-year follow-up period. Each
year the occurrence of work changes and low-back pain
was assessed by means of a postal questionnaire.
At the beginning of the study, 1789 (87%) of the
2064 workers invited to participate completed the ques-
tionnaire, 1738 of whom were eligible for participation
in the study on risk factors for low-back pain (14). For
the longitudinal analysis described in this paper, a sub-
cohort of 1192 workers with no low-back pain at the
beginning of the study was identified. It consisted of
workers who, at the beginning of the study, had not had
regular or prolonged low-back pain in the previous 12
months.
Data collection
All risk factors included in the analyses were measured
at the beginning of the study. Psychosocial work char-
acteristics were measured by means of a Dutch version
of Karasek’s job content questionnaire (15), and they
concerned the dimensions of quantitative job demands,
decision authority, skill discretion, supervisory support,
and co-worker support, as determined in the demand-
control-support model developed by Karasek and his
colleagues (16—18). The constructed scales were sum
scores of the individual items within the dimension at
issue. The response options for the individual items
ranged from 1 (strongly disagree) to 4 (strongly agree).
Conflicting demands and job security were both as-
sessed on the basis of 1 single item from the job con-
tent questionnaire (15). In the analyses, job security was
only considered as a potential confounder. Potential in-
termediate psychological strain variables were also as-
sessed by means of the self-administered baseline ques-
tionnaire. Three psychological strain variables were ex-
amined (ie, job satisfaction, emotional exhaustion, and
sleeping difficulties). Job satisfaction was assessed by
means of two questions, one on job task enjoyment (19)
and the other on the general opinion about the job (20).
Emotional exhaustion was measured according to a 7-
item subscale of the Dutch version of the Maslach burn-
out inventory (8, 21). In our study one original item of
this scale was omitted because it applies only to peo-
ple-oriented jobs. Sleeping difficulties were assessed
according to a 3-item scale (11). The psychometric prop-
erties and the construction of the scales for quantitative
job demands, decision authority, skill discretion, super-
visory support, co-worker support, and emotional
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exhaustion have been described by De Jonge et al (13),
based on data from the present study.
The individual factors that were considered to be
potential confounders (ie, age, gender, smoking habits,
body mass index, exercise behavior and coping skills)
were mainly assessed by means of the self-administered
questionnaire. One question was included for the assess-
ment of exercise behavior during leisure time (22). Cop-
ing skills (ie, active problem solving, avoidance behav-
ior, and social support seeking) were assessed by means
of the Utrecht coping list (23). The assessment of the
body mass index was based on measurements of weight
and height taken by a physiotherapist during the physi-
cal examination at the beginning of the study.
The work-related physical factors that were consid-
ered to be potential confounders were trunk flexion, lift-
ing, and driving a vehicle at work. The percentage of
the worktime spent with the trunk in a minimum of 30
or 60 degrees of flexion and the number of times work-
ers lifted a load of any weight, or a load of at least 10
or 25 kilograms during a workday, were assessed by
means of analyses of video-recordings and force meas-
urements at the workplace. These measurements have
been described in more detail elsewhere (14). Driving a
vehicle at work was assessed by means of the Loquest
questionnaire (24).
In the initial and follow-up questionnaires, the as-
sessment of the occurrence of low-back pain was based
on an adaptation of a Nordic questionnaire (25). The
workers had to answer the question “Have you, in the
previous 12 months, had trouble (ache, pain, discom-
fort) in the low back?” with one of the following four
options: no, never; yes, sometimes; yes, regularly; yes,
prolonged. Cases of low-back pain were defined as
workers who reported, for at least one of the follow-up
measurements, that they had had regular or prolonged
low-back pain in the previous 12 months.
Statistical analysis
The statistical analysis consisted of several steps. Uni-
variate analyses were performed with the computer
package Epi Info (version 6.0). In these analyses, the
various scales for psychosocial work characteristics
were recoded as categorical variables using small inter-
vals on the measurement scale of the variable to deter-
mine the relationship with low-back pain. In general,
small categories with similar relative risks were re-
grouped into a few larger categories that resulted in di-
vision into three categories (low, medium, high). Rela-
tive risks (RR) and corresponding 95% confidence in-
tervals (95% CI) were calculated for the psychosocial
work characteristics under study by comparing the cu-
mulative incidence of low-back pain between groups
with different levels of exposure. If the individual fac-
tors, work-related physical factors, and other factors (job
security) that were considered to be potential confound-
ers were univariately associated with the occurrence of
low-back pain with a Yates’ corrected P-value (26) of
less than 0.25 (27), they were included in the multivari-
ate analyses. However, age, gender, and the other psy-
chosocial work characteristics under study were includ-
ed in the multivariate analyses irrespective of their uni-
variate association with low-back pain in this data set.
For the psychosocial work characteristics, this decision
was based on the fact that these variables are related.
The presence of confounding was assessed by means
of multivariate analyses. To prevent the occurrence of
collinearity, the degree of interrelationship between the
psychosocial work characteristics under study and the
other independent variables selected for the multivari-
ate analyses was first checked. The Cox regression pro-
cedure in the SPSS (Statistical Package for the Social
Sciences) computer package (version 9.0) was applied
for the estimation of adjusted relative risks, using a con-
stant risk period for all the subjects (28—30). The ad-
justed relative risks were determined in a full model with
one of the psychosocial work characteristics, the indi-
vidual factors, other psychosocial work characteristics,
and work-related physical factors that were selected on
the basis of the results of the univariate analyses. To
determine whether adjustment for the potential con-
founders influenced the results, we checked whether the
effect estimates for the psychosocial work characteris-
tics included in the full model differed by more than
10% from the crude effect estimates. A stepwise proce-
dure was used to construct the full model. This made it
possible to determine whether the results were mainly
influenced by adjustment for the group of individual fac-
tors, the group of other psychosocial work characteris-
tics, or the group of work-related physical factors.
The described multivariate analyses were repeated
for the workers who reported that no, or only minor,
changes in their work had occurred during the first and
second follow-up periods. This selection reduced the
likelihood of misclassification of exposure resulting
from changes in the work environment over time. Par-
ticipants whose work had changed due to back pain were
also included in these analyses, because excluding them
could have resulted in a false decrease in the effect es-
timates. Moreover, to determine the presence or absence
of a healthy worker effect, the analyses were also re-
peated for the workers who had been employed in their
current job for 5 years or less at baseline.
Furthermore, to investigate the intermediate role of
the psychological strain variables of job satisfaction,
emotional exhaustion, and sleeping difficulties in the
relationship between psychosocial work characteristics
and low-back pain, we added these variables to the full
multivariate model one at a time. With these analyses
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we were able to evaluate the effect of the psychological
strain variables on low-back pain with adjustment for
the psychosocial work characteristics under study and
the potential confounders (31, 32). The degree of change
in the effect estimates for the psychosocial work char-
acteristics could also be evaluated (31, 32). If the effect
estimates for the psychosocial work characteristics de-
creased by more than 10% after a psychological strain
variable was included, the existence of an intermediate
role for this variable was considered to be likely.
Results
From the cohort of 1192 workers, data on the occurrence
of low-back pain were available for 861 workers (72%)
for all three annual follow-up measurements. Approxi-
mately 30% of the workers in this group were female.
The mean age of the workers was 36 years, with an age
range of 18—59 years. The cumulative incidence of
low-back pain during the three-year follow-up period
was 26.6%.
Crude relationships
Table 1 presents the results of the univariate analyses
of the relationship between the psychosocial work char-
acteristics and low-back pain. The strongest relation-
ships with low-back pain were found for high quantita-
tive job demands, low supervisory support, and low co-
worker support, followed by high conflicting demands
and low skill discretion. Most of the relationships were
not, or were only marginally, statistically significant.
Decision authority was not found to be related to low-
back pain.
Potential confounders of the studied relationships
Univariate analyses of the potential confounders showed
that exercise behavior during leisure time, active prob-
lem solving, avoidance behavior, social support seek-
ing, trunk flexion, lifting, and driving a vehicle at work
were univariately associated with low-back pain with a
P-value of less than 0.25. Therefore, these variables
were included in the multivariate analyses of the psy-
chosocial work characteristics under study. It was de-
cided beforehand to include age, gender, and the other
psychosocial work characteristics under study, inde-
pendent of their association with low-back pain.
The multivariate analyses of the relationship be-
tween the psychosocial work characteristics and low-
back pain showed that only the relative risk for low skill
discretion changed by more than 10% after adjustment
for the variables that were selected (table 2). The
decrease in the estimated relative risk for low supervi-
sory support was slightly less than 10%. The changes
in the estimated relative risks were mainly caused by
adjustment for the other psychosocial work characteris-
tics. In the case of supervisory support, the adjustment
for co-worker support appeared to be especially impor-
tant.
Change in work
In the subgroup of workers who reported that no, or only
minor, changes in their work had occurred, the adjusted
relative risks for high quantitative job demands and
medium and low supervisory support were slightly high-
er in comparison with the relative risks for the complete
cohort. No difference was observed in the relative risks
for conflicting demands, decision authority, skill discre-
tion, or co-worker support (table 2).
Healthy worker effect
In the subgroup of workers who reported that they had
been working in their current job for 5 years or less at
the beginning of the study, the adjusted relative risks
for medium and high quantitative job demands were
substantially higher than in the complete cohort. The
crude relative risk for high quantitative job demands was
even higher (RR 3.0, 95% CI 1.2—7.4). The change in
Table 1. Crude relationship between psychosocial work charac-
teristics and the occurrence of low-back pain (LBP). (RR = rela-
tive risk, 95%CI = 95% confidence interval)
Risk factor  LBP No LBP Crude RR   95% CI
Quantitative job demands
Low (score 6—11) 55 192 1.00         ··
Medium (score 12—16) 156 405 1.25 0.95—1.63
High (score 17—20) 18 34 1.55 1.00—2.41
Conflicting demands
Disagree (strongly) 152 437 1.00         ··
Agree 56 152 1.04 0.80—1.36
Strongly agree 20 39 1.31 0.90—1.92
Decision authority
High (score 10—12) 48 140 1.00         ··
Medium (score 7—9) 150 404 1.06 0.80—1.40
Low (score 3—6) 29 84 1.01 0.68—1.50
Skill discretion
High (score 17—20) 51 151 1.00         ··
Medium (score 12—16) 152 425 1.04 0.79—1.37
Low (score 5—11) 26 56 1.26 0.84—1.87
Supervisory support
High (score 13—16) 23 86 1.00         ··
Medium (score 11—12) 127 368 1.22 0.82—1.80
Low (score 4—10) 79 176 1.47 0.98—2.20
Co-worker support
High (score 13—16) 39 150 1.00         ··
Medium (score 11—12) 164 421 1.36 1.00—1.85
Low (score 4—10) 25 57 1.48 0.96—2.27
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the estimated relative risk was mainly caused by the
adjustment for work-related physical factors. The relative
risks for medium and low supervisory support were also
substantially higher in this subgroup than in the com-
plete cohort. The relative risk for low co-worker sup-
port was slightly lower than in the complete cohort.
Univariately, the relative risk for low co-worker sup-
port was still higher. The decrease in the estimated rel-
ative risk for low co-worker support was mainly caused
by the adjustment for supervisory support. No difference
was observed in the relative risks for conflicting de-
mands, decision authority, or skill discretion (table 2).
Role of the psychological strain variables
Tables 3 and 4 show the results of the multivariate anal-
yses for the relationship between psychosocial work
characteristics and low-back pain with the inclusion of
the psychological strain variables. It can be seen from
table 3 that a statistically significant increased risk was
observed for low-back pain among workers whose opin-
ion about their job in general was less than good, among
workers with a high score on the scale for emotional
Table 2. Results from the multivariate analyses for the relationship between psychosocial work characteristics and the occurrence of
low-back pain. (RR = relative risk, 95%CI = 95% confidence interval.)
Risk factor Crude     95% CI Adjusted   95% CI Workers with no or only Workers employed for ≤5 years
RR a,b           of the RR b,c              of the minor changes in work in the current job at baseline
(N=669) (N=334)
Adjusted RR c  95% CI  Adjusted RR c 95% CI
Quantitative job demands
Low (score 6—11) 1.00         ·· 1.00         ·· 1.00         ·· 1.00         ··
Medium (score 12—16) 1.27 0.92—1.75 1.24 0.89—1.71 1.31 0.91—1.89 2.11 1.17—3.81
High (score 17—20) 1.52 0.84—2.75 1.41 0.76—2.62 1.56 0.81—3.03 2.49 0.92—6.74
Conflicting demands
Disagree (strongly ) 1.00         ·· 1.00         ·· 1.00         ·· 1.00         ··
Agree 1.04 0.75—1.43 1.02 0.73—1.43 1.09 0.76—1.56 0.96 0.56—1.67
Strongly agree 1.32 0.80—2.18 1.37 0.81—2.32 1.34 0.75—2.39 1.33 0.52—3.37
Decision authority
High (score 10—12) 1.00         ·· 1.00         ·· 1.00         ·· 1.00         ··
Medium (score 7—9) 1.03 0.73—1.44 0.98 0.66—1.45 1.00 0.65—1.54 0.88 0.45—1.71
Low (score 3—6) 1.05 0.65—1.68 0.98 0.56—1.71 0.99 0.54—1.80 1.00 0.43—2.33
Skill discretion
High (score 17—20) 1.00         ·· 1.00         ·· 1.00         ·· 1.00         ··
Medium (score 12—16) 1.02 0.73—1.42 1.00 0.67—1.49 1.00 0.65—1.55 1.13 0.58—2.18
Low (score 5—11) 1.22 0.74—2.00 0.97 0.53—1.75 0.85 0.44—1.66 1.01 0.41—2.44
Supervisory support
High (score 13—16) 1.00         ·· 1.00         ·· 1.00         ·· 1.00         ··
Medium (score 11,12) 1.29 0.82—2.03 1.25 0.75—2.07 1.41 0.79—2.50 1.75 0.78—3.95
Low (score 4—10) 1.43 0.89—2.32 1.29 0.76—2.21 1.41 0.77—2.60 1.88 0.76—4.64
Co-worker support
High (score 13—16) 1.00         ·· 1.00         ·· 1.00         ·· 1.00         ··
Medium (score 11—12) 1.30 0.90—1.86 1.35 0.90—2.02 1.20 0.79—1.83 1.33 0.74—2.41
Low (score 4—10) 1.54 0.92—2.59 1.65 0.92—2.95 1.68 0.90—3.14 1.32 0.56—3.13
a Crude relative risk from the Cox regression for the population with no missing values for gender, age, exercise behavior during leisure time, active
problem solving, avoidance behavior, social support seeking, trunk flexion, lifting, driving a vehicle at work, and the other psychosocial work
characteristics mentioned in the table.
b Number of workers = 768.
c Relative risk from the Cox regression, adjusted for the risk factors mentioned in footnote a.
Table 3. Relationship of job satisfaction, emotional exhaustion
and sleeping difficulties with low-back pain (LBP). (RR = relative
risk, 95%CI = 95% confidence interval)
Risk factor LBP No LBP Adjusted RR a 95% CI
Job task enjoyment
Always (almost) 110 337 1.00         ··
Often 96 240 1.13 0.83—1.54
Never or sometimes 23 55 1.28 0.77—2.14
Job satisfaction, general
opinion about the job
Good 117 412 1.00         ··
Reasonable 98 197 1.54 1.14—2.08
Not good or moderate 14 22 1.75 0.96—3.19
Emotional exhaustion
Score 0 99 333 1.00         ··
Score 1 59 151 1.12 0.79—1.59
Score 2, 3 48 112 1.15 0.78—1.70
Score 4—7 23 32 1.70 1.03—2.81
Sleeping difficulties
Score 0 152 482 1.00         ··
Score 1 41 95 1.29 0.88—1.88
Score 2 20 30 1.64 1.00—2.68
Score 3 8 9 2.14 0.98—4.64
a Relative risk from the Cox regression, adjusted for gender, age, exer-
cise behavior during leisure time, active problem solving, avoidance
behavior, social support seeking, trunk flexion, lifting, driving a vehicle
at work, quantitative job demands, conflicting demands, decision
authority, skill discretion, supervisory support, and co-worker support.
adjusted
RR
crude
RR
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exhaustion, and among workers with a high score on the
scale for sleeping difficulties. No statistically significant
increased risk was found for workers who reported that
they never, or only sometimes, enjoyed their job tasks.
It can be seen from table 4 that, in general, the esti-
mated relative risks for the psychosocial work
characteristics were scarcely influenced by adjustment
for the psychological strain variables. Only the estimat-
ed relative risk for high quantitative job demands de-
creased by more than 10% after additional adjustment
for the variable of general opinion about the job and af-
ter additional adjustment for emotional exhaustion.
Therefore, an intermediate role of the psychological
strain variables was not considered to be likely, at least
not for the effect of conflicting demands, supervisory
support, and co-worker support. The psychosocial work
characteristics of decision authority and skill discretion
are not included in table 4 because no relationship was
observed between these factors and low-back pain,
which is one of the conditions that must be met if an
intermediate variable is to fulfill its role (31, 32).
Discussion
Summary of findings
The multivariate analyses showed that, in the complete
cohort and in the subgroup of workers with no, or only
minor, changes in their work, there was a 1.3- to 1.6-
fold increased risk of low-back pain for workers with
high quantitative job demands, for workers with high
conflicting demands, for workers with low supervisory
support, and for workers with low co-worker support.
The adjusted relative risks for the relationships found
were not, or were only borderline, statistically signifi-
cant. This result was partly due to the use of the Cox
regression, which produces estimates of the standard
errors that are too large and that result in estimates of
the confidence intervals that are too conservative (29,
30). No relationship with low-back pain was found for
low decision authority or low skill discretion.
An important source of potential bias in occupational
cohort studies is the healthy worker effect (33). For this
form of bias to be minimized, it would have been better
to study newly employed workers, but such an approach
was beyond the scope of our study. Therefore, an addi-
tional analysis of the group of workers who had been
employed in their current job for 5 years or less was
performed. This analysis showed stronger associations
with low-back pain for medium and high quantitative
job demands and for medium and low supervisory sup-
port. Moreover, a weaker association was found for low
co-worker support. These results may indicate the pres-
ence of a healthy worker effect in the complete cohort.
The results for supervisory support and co-worker sup-
port might also indicate that different types of support
could be important during different stages of employment.
Table 4. Results from the multivariate analyses for the relationship between psychosocial work characteristics and low-back pain with
the inclusion of potential intermediate variables. (RR = relative risk, 95%CI = 95% confidence interval)
Risk factor Adjusted a,b After additional After additional After additional After additional
adjustment for adjustment for adjustment for adjustment for
job task enjoyment b general opinion emotional exhaustion d sleeping difficulties e
about the job c
RR 95% CI RR 95% CI RR 95% CI RR  95% CI RR 95% CI
Quantitative job demands
Low (score 6—11) 1.00        ·· 1.00        ·· 1.00        ·· 1.00        ·· 1.00        ··
Medium (score 12—16) 1.24 0.89—1.71 1.24 0.89—1.72 1.22 0.88—1.70 1.18 0.85—1.65 1.21 0.87—1.69
High (score 17—20) 1.41 0.76—2.62 1.40 0.75—2.60 1.26 0.67—2.36 1.19 0.62—2.29 1.42 0.76—2.66
Conflicting demands
Disagree (strongly ) 1.00        ·· 1.00        ·· 1.00        ·· 1.00        ·· 1.00       ··
Agree 1.02 0.73—1.43 1.02 0.73—1.42 1.01 0.72—1.41 1.02 0.73—1.42 1.01 0.72—1.42
Strongly agree 1.37 0.81—2.32 1.37 0.81—2.33 1.40 0.82—2.38 1.33 0.78—2.27 1.35 0.79—2.30
Supervisory support
High (score 13—16) 1.00        ·· 1.00        ·· 1.00        ·· 1.00        ·· 1.00        ··
Medium (score 11—12) 1.25 0.75—2.07 1.23 0.74—2.04 1.23 0.74—2.05 1.25 0.75—2.06 1.26 0.75—2.11
Low (score 4—10) 1.29 0.76—2.21 1.25 0.73—2.15 1.17 0.68—2.02 1.23 0.72—2.11 1.30 0.75—2.26
Co-worker support
High (score 13—16) 1.00        ·· 1.00        ·· 1.00        ·· 1.00        ·· 1.00        ··
Medium (score 11—12) 1.35 0.90—2.02 1.34 0.90—2.01 1.33 0.89—1.99 1.35 0.90—2.01 1.36 0.91—2.04
Low (score 4—10) 1.65 0.92—2.95 1.60 0.89—2.88 1.56 0.87—2.81 1.60 0.89—2.86 1.59 0.89—2.86
a Relative risk from the Cox regression, adjusted for gender, age, exercise behavior during leisure time, active problem solving, avoidance behavior,
social support seeking, trunk flexion, lifting, driving a vehicle at work, decision authority, skill discretion, and the other psychosocial work characteris-
tics mentioned in the table.
b Number of persons = 768.
c Number of persons = 767.
d Number of persons = 766.
e Number of persons = 762.
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The results of the analyses with additional adjust-
ment for a psychological strain variable do not indicate
that the psychological strain variables of job satisfac-
tion, emotional exhaustion, and sleeping difficulties are
intermediates in the relationship between high conflict-
ing demands, supervisory support, and co-worker
support and low-back pain. The general opinion about
the job and emotional exhaustion may be intermediates
in the relationship between high quantitative job de-
mands and low-back pain. For a variable to be consid-
ered an intermediate variable, several conditions must
be met (31, 32). Previous analyses of the data from our
study have shown that there is a relationship between
the psychosocial work characteristics of high job de-
mands, low supervisory support, and low co-worker sup-
port and the psychological strain variables of job task
enjoyment and emotional exhaustion (13). In our anal-
yses, the psychological strain variables themselves, ex-
cept for the operationalization of job satisfaction in
terms of job task enjoyment, were statistically signifi-
cantly associated with low-back pain and are therefore
independent risk factors for the occurrence of low-back
pain. The assessment of the influence of additional ad-
justment for the psychological strain variables on the
effect estimates for the psychosocial work characteris-
tics was complicated, due to the small magnitude of the
observed effects for the psychosocial work characteris-
tics.
The results of this study do not support the hypothe-
sis that the association between psychosocial work char-
acteristics and low-back pain is based on confounding
by the effect of physical factors at work. Adjustment for
work-related physical factors had scarcely any effect on
the estimated relative risks in the complete cohort. How-
ever, again, no strong conclusions can be based on this
observation due to the small magnitude of the observed
effects for the psychosocial work characteristics. In the
subgroup of workers who had been employed in their
current job for 5 years or less at the beginning of the
study, a stronger crude effect was observed for high
quantitative job demands. Adjustment for work-related
physical factors appeared to affect the magnitude of this
effect. This result suggests that part of the crude associ-
ation was due to an association between high physical
load and high job demands in this subgroup. However,
a statistically significant relative risk remained.
Methodological strengths and limitations
The prospective design of our study made it possible to
take into consideration the temporal relationship be-
tween psychosocial work characteristics and low-back
pain. Moreover, in addition to adjustment for individu-
al factors and other psychosocial work characteristics,
a thorough adjustment for work-related physical factors
was possible, on the basis of actual quantification of the
physical load at the workplace. Both aspects strengthen
the concept that the associations that were found may
be causal relationships.
The possibility of bias due to selective loss to fol-
low-up cannot be excluded. In this study the percent-
age of workers in the reference category of conflicting
demands was lower in the group that was lost to fol-
low-up. Relatively more workers in this group reported
low decision authority and low skill discretion (data not
shown). This finding is probably related to the fact that
the group that was lost to follow-up had a relatively low
level of education (data not shown). However, no se-
lectivity in the loss to follow-up was found with respect
to quantitative job demands, supervisory support, or co-
worker support.
Due to the selection of workers with no low-back
pain at the beginning of the study and the necessity to
have data on the occurrence of low-back pain for all the
follow-up measurements, a relatively small proportion
of the original cohort of 1738 workers was included in
the present analyses. As a result, the statistical power
to detect weak associations (relative risk in the order of
1.5) was limited.
In this study, it was decided to use a cumulative
measure of the occurrence of low-back pain over the 3-
year follow-up period. Therefore, the course of low-
back pain over the follow-up period was not taken into
account in these analyses. Further analyses could be
performed to study more specifically the influence of
psychosocial work characteristics on the course of low-
back pain.
Comparison with previous findings
Due to the small magnitude of the observed effects for
the psychosocial work characteristics and the lack of
clearly statistically significant effects, it is difficult to
draw firm conclusions based on our results. Therefore,
comparison of the findings with previous findings is es-
pecially important. Of special interest is the compari-
son of our results with those of other cohort studies that
were restricted to a population with no low-back pain
at the beginning of the study and case-referent studies
that excluded subjects with low-back pain in the previ-
ous months from enrollment. The findings of various
studies investigating the risk of high quantitative job de-
mands are inconsistent. One study, the MUSIC study, re-
ported no effect of high quantitative job demands on care
seeking for low-back pain among nursing personnel (34),
one study only reported that no statistically significant as-
sociation was found (35) and one reported an increased
risk of sciatic pain (36), in agreement with the our results.
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One other prospective cohort study, the Whitehall
study, examined the effect of conflicting demands (37).
However, this study was not restricted to subjects with
no low-back pain at the beginning of the study, and it
focused on the occurrence of absenteeism from work
due to back pain. It was found that conflicting demands
were only a risk factor for short absences from work due
to back pain among men. An additional exploratory
analysis of the data from our study also showed that the
risk of low-back pain due to conflicting demands seems
to be stronger among the men than among the complete
cohort (data not shown).
With regard to decision authority and skill discre-
tion, the MUSIC study reported that no effect on care
seeking for low-back pain was found among a subco-
hort of nursing personnel (34). However, the analyses
of the total population of this study showed that low skill
discretion was associated with care seeking for low-back
pain among men (38). Another study only reported that
no statistically significant association was found be-
tween skill discretion and low-back pain (35).
Three studies have examined the effect of social sup-
port, a combination of supervisory and co-worker sup-
port (34, 36, 38, 39) These studies all reported an in-
creased risk of low-back pain for low social support (34,
36, 39), except for the total population of the MUSIC
study (38). Two prospective cohort studies that were not
restricted to a population with no low-back pain at the
beginning of the study examined the individual effects
of supervisory and co-worker support (19, 40). One
study found an effect of both supervisory and co-work-
er support (19), and the other found an effect of low su-
pervisory support and no effect of co-worker support
(40). However, the fact that low supervisory support, as
opposed to low co-worker support, was especially im-
portant in the latter study may be related to the nature
of the job of transit operators (40). On the basis of the
main analyses of our study, co-worker support seems to
be more important than supervisory support. However,
in the subgroup of workers who had been employed in
their current job for 5 years or less at the beginning of
the study, the relative importance was reversed. Al-
though it remains to be seen whether supervisory sup-
port and co-worker support are equally important, it is
clear that far more consistent results have been found
for low social support than for the other psychosocial
work characteristics. This trend is also reported in a re-
cent review on the relationship between psychosocial
work characteristics and low-back pain (4). The magni-
tude of the observed relative risks in our study also lies
in the range of observed risk estimates for previous stud-
ies as reported in this review (4).
The authors are not aware of any other study that
has examined the potential intermediate role of psycho-
logical strain variables with methods similar to those
used in our study. However, the direct effect of job dis-
satisfaction has been studied extensively. In these stud-
ies job dissatisfaction has always been considered to
pertain to the group of psychosocial work characteris-
tics. Various studies have reported an increased risk of
low-back pain in relation to low job satisfaction (35, 37,
39). From our study, it appears that, if an effect of job
dissatisfaction does exist, it is probably independent of
the effect of psychosocial work characteristics. An ef-
fect of low job satisfaction was found for only one of
the two measures of job satisfaction that were used, but
this result may be explained by the presence of selec-
tivity in the loss to follow-up with respect to job task
enjoyment (data not shown).
Concluding remarks
Whereas only moderate, and not statistically significant,
associations were found between low supervisory and
low co-worker support and the occurrence of low-back
pain, on the basis of the comparison with previous find-
ings, it seems likely that low social support is, indeed, a
risk factor for the occurrence of low-back pain. Accord-
ing to the results of our study, some indications of a re-
lationship between high quantitative job demands and
high conflicting demands and low-back pain are also
present. However, the relationship between these varia-
bles and low-back pain has not been observed consist-
ently in other studies. In our study, no relationship was
observed between low decision authority or low skill
discretion and the occurrence of low-back pain.
The results of this study do not support the hypothe-
sis that the psychological strain variables of job satis-
faction, emotional exhaustion, and sleeping difficulties
play an intermediate role in the relationship between
conflicting demands, supervisory support, and co-work-
er support and low-back pain. The general opinion about
the job and emotional exhaustion may be intermediates
in the relationship between high quantitative job de-
mands and low-back pain. However, it is not possible
to draw strong conclusions with respect to this subject
because our study is the first to examine this hypothe-
sis. In addition, the small magnitude of the observed ef-
fects for the psychosocial work characteristics compli-
cated the examination of the potential intermediate role
of the psychological strain variables.
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